The patient-centered medical home (PCMH) model has gained support, but the impact of this model on the quality and equity of care merits further evaluation.
T he concept of the patient-centered medical home (PCMH) has gained support over the past decade from multiple stakeholders interested in strengthening the primary care delivery system. Yet its definition and implementation remain varied, thereby rendering evaluation of the medical home model a challenging and evolving process. 1 The PCMH was first introduced in pediatrics in 1967 as a primary care model to provide comprehensive family-centered care to children with special health care needs. 2 In 1992, the American Academy of Pediatrics (AAP) defined the essential elements of the medical home for all children as primary care that is accessible, comprehensive, continuous, coordinated, family-centered, compassionate, and culturally effective. 3 By 2007, the AAP, American Academy of Family Physicians, American College of Physicians, and American Osteopathic Association jointly endorsed the PCMH as a primary care model for all ages and expanded the concept to incorporate health information technology, payment reform, and quality improvement. 4 In 2008, the National Committee for Quality Assurance (NCQA) proposed operational standards to recognize medical practices as PCMHs. However, even among NCQA-recognized medical homes, practices can achieve recognition in several ways, 5, 6 and numerous other tools exist for recognizing practices as medical homes. 7 This variability in the operational definition and measurement of medical home models has limited the ability to examine the impact of these models on improving quality and equity of primary care.
Modest evidence suggests that PCMH models are associated with improvement in health care quality for pediatric patients. [8] [9] [10] A recent study demonstrated that children with a medical home reported fewer unmet health care needs and were more likely to receive preventive care. 11 Multisite PCMH demonstration projects are ongoing, with limited preliminary results. [12] [13] [14] Although several studies have demonstrated disparities in access to a PCMH, [15] [16] [17] [18] little is known about whether the PCMH model reduces disparities in the quality of primary care. 19, 20 Therefore, using a nationally representative survey that assesses whether practices meet the aims of the medical home model from the patient perspective, our study examined whether PCMHs are associated with improved quality and equity of primary care for children.
METHODS

Study Population
We analyzed the most recent available data from the National Survey for Children's Health (NSCH), one of the only national surveys that comprehensively measures access to PCMHs from the patient/family perspective. This survey estimates multiple health indicators for children at the national and state levels. A random-digit-dial survey sampling design is used to identify households with children ages 0-17 years from each of the 50 states and District of Columbia. After identifying households with children, one child from each sampled household is randomly selected to be the subject of the survey, or index child.
Between April 2007 and July 2008, telephone interviews were conducted in English, Spanish, Chinese, Korean, and Vietnamese with the parent or guardian most familiar with the index child's health status and health care. The total sample included 91,642 children from birth through age 17 years (1725-1932 children per state). The interview completion rate among known households with children was 66.0%. The survey methods are detailed elsewhere. 21 Children's race and ethnicity were based on the reports of their parents or guardians using standard categories for federal surveys. Because we analyzed publicly available deidentified data, the study was deemed exempt by the Human Studies Committee of Harvard Medical School.
Predictor: PCMH
Our primary predictor was whether children had access to primary care services that satisfied the criteria for a PCMH. To make this determination we used a robust medical home measure derived from 18 survey questions, based on the AAP definition of the medical home included in the NSCH dataset. [21] [22] [23] Access is broadly defined to encompass both availability and utilization of services. A child is designated to have access to a PCMH if he/she satisfies the following 5 subcomponents: (1) has a personal health care provider; (2) has a primary care site that is his/her usual source of care; (3) receives care that is family/patient centered; and if needed, (4) receives effective care coordination; and (5) receives successful referral assistance. Each subcomponent is derived from responses to multiple survey questions from the child's primary caregiver. For example, care is deemed family/patient centered if health providers reportedly satisfied the following criteria usually or always in the past 12 mos: (1) listened to the family/child; (2) spent enough time with family/child; (3) were sensitive to family's values and customs; (4) provided needed information; (5) made the family feel like a partner in their child's care; and, (6) if needed, provided interpreter services (Appendix A, Supplemental Digital Content 1, http://links.lww.com/MLR/ A355).
Outcome Measures
We analyzed 10 quality-of-care measures, based on evidence-based pediatric guidelines. [24] [25] [26] [27] [28] These measures included the receipt of annual preventive medical and dental care visits, receipt of appropriate immunizations and developmental screenings, the absence of unmet health care needs, the receipt of needed mental health care services in a subset of children with mental health disorders, and number of missed school days in the subset of children with asthma. Table 1 details each quality measure, including the associated survey questions, eligibility criteria, and sample size analyzed.
Statistical Analysis
Our analysis had 3 main objectives. First, we determined the characteristics of children who had access to a PCMH. Second, we compared the proportion of children with and without a medical home that achieved each of our 10 quality indicators. Third, among those quality measures for which the PCMH was associated with a significant benefit, we evaluated whether the benefit in quality-of-care differed across race/ethnicity strata.
We tabulated and compared the distributions of each covariate for children with and without a medical home in the entire sample, using w 2 tests. In multivariable logistic regression models, we assessed the association of medical homes with each dichotomous quality measure, adjusting for age (0-5, 6-11, 12-17 y) except in measures with narrow age ranges, sex, race, insurance type, consistency of insurance over a 12-month period, household income, maternal education, primary language, family structure, household employment, geographic region, and children with special health care needs (CSHCN). CSHCN were identified in the survey with questions from a validated screening tool (CSHCN Screener). 21, 29 We also assessed the relation between medical home status and number of missed school days among children with asthma using a log linear regression model for count data, adjusting for the same covariates above, and asthma severity (mild vs. moderate/ severe). Finally, we examined the associations of each PCMH subcomponent with quality measures significantly associated with medical homes in our primary analysis. We excluded children who did not utilize care or require specific services necessitating care coordination or referrals in the past 12 months.
In each model, respondents with missing values for our predictor and specified outcome of interest were omitted, ranging from 6% to 9% of the original sample size for each subpopulation. For all other covariates, indicator variables for missing values were created to include those respondents in the analysis. We calculated adjusted rates for achieving each quality measure for children with and without a PCMH, averaged across all other covariates. 30 For the categorical quality measures with a statistically significant difference between children with and without medical homes, we fitted multivariable logistic regression models including interactions of medical homes with race/ethnicity and adjusted for the same covariates. Similarly, for the continuous measure of missed school days among children with asthma, we fitted a multivariable log linear regression model with the same interactions and adjusted for the same covariates as well as asthma severity. We also computed adjusted rates of achieving each quality measure in children with and without a medical home by race/ethnicity, determined the difference in adjusted rates (risk difference), and contrasted those risk differences to determine statistical significance. 30 All analyses were weighted to represent the US population of noninstitutionalized children. To account for the complex survey design, SUDAAN software version 10.0.1 (Research Triangle Institute, Research Triangle Park, NC) was used in the descriptive and adjusted analyses. To Ages 0-5 y 25,021 During the past 12 mo or since child's birth, did the child's doctors or other health care providers ask if you have concern about (his/her) learning, development, or behavior? (This question was asked only for children aged 0-5 who received preventive medical visits) Formal developmental screening: received both types of screening content Behavioral and Developmental, at 2 age ranges (10-23 mo and 2-5 y), using a parent-reported screening tool or instrument during a health visit in the past 12 mo 6
Aged 10 mo-5 y 21,132 During the past 12 mo, did a doctor or other health care provider have you fill out a questionnaire about specific concerns or observations you may have about the child's development, communication, or social behaviors? (aged 10 mo-5 y only) If yes, then (1) Did this questionnaire ask about your concern or observations about how the child talks or makes speech sounds? (aged 10-23 mo only) (2) Did this questionnaire ask you about how the child interacts with you or others? (aged 10-23 mo only) (3) Did this questionnaire ask about your concern or observations about words and phrases the child uses and understands? (aged 24-71 mo only) (4) Did this questionnaire ask about your concern or observations about how child behaves and gets along with you and others? account for multiple hypothesis testing, we adjusted P values using false discovery rate methods. 31 Two-tailed P values and 95% confidence intervals are reported for all statistical tests, with P < 0.05 considered statistically significant.
RESULTS
The population surveyed was nationally representative of approximately 73 million children residing in United States households during 2007 and 2008 ( Table 2 ). About 22% of the children had public insurance [Medicaid/CHIP (Children's Health Insurance Program)], 7.5% were uninsured, and 29% resided in lower income households (< 200% Federal Poverty Level). About 89% of the children came from households with at least 1 employed adult, and over 69% came from two-parent households. About 92% of the children were from households where English was their primary language. Children with special health needs comprised 20% of the cohort.
About 58% of the children in our cohort had primary care services that satisfied the criteria for a PCMH ( Table 2 ). Children who received care from medical homes were more likely than the overall cohort to be non-Hispanic whites and from households with higher incomes, 2 parents, more educated parents, and where English is the primary language. Children with private insurance were more likely to have medical homes than those with public, or no insurance. Children with consistent insurance coverage during the past 12 months were more likely to have a PCMH than those with gaps in coverage. Medical home access also varied by region, about 65% of children from the New England states Massachusetts had medical homes compared with about 50% to 59% of children in the south and southwest.
In the adjusted analysis, quality-of-care differed significantly between children with and without a PCMH for 7 of the 10 quality measures ( Table 3 ). Children with a PCMH had better adjusted rates for preventive medical services, having a provider obtain a developmental history, receiving formal developmental screening exams, and receipt of provider recommended human papillomavirus (HPV) vaccine. Children with medical homes also had significantly lower rates of unmet medical needs (P < 0.001). In addition, among children with asthma, those with a medical home reported fewer missed school days compared with those without. However, among those children requiring mental health services, those with a PCMH were less likely to receive needed services (P < 0.01). Children with and without a medical home did not differ significantly in obtaining preventive dental services, tetanus booster immunization, or the meningococcal vaccine. All findings of statistical significance persisted after adjustment for multiple statistical tests.
For quality measures positively associated with PCMH, we evaluated whether this effect was similar across racial/ethnic groups, finding differential effects for 4 of the 7 measures we assessed (Table 4 ). Hispanic and black children had higher rates of preventive services compared with white children, regardless of their medical home status. The difference in rates of preventive care between those with and without medical homes was significant in white children alone; however, the difference between minority and white children for these risk differences was not statistically significant [difference in risk differences (SE): white vs. Hispanics: 2.6 (1.7); P = 0.11; whites vs. blacks 2.5 (1.4); P = 0.076].
We found differences by race/ethnicity on medical home access and receipt of needed mental health services. White children with medical homes reported lower rates of receiving needed mental health services than those without [adjusted rates (SE) 54.6 (3.0) vs. 66.2 (2.5); P = 0.001]. Among minority children, receipt of needed mental health services did not differ significantly between those with and without medical homes [adjusted rates (SE): Hispanic children with medical homes vs. no medical homes: 70.1 (6.5) vs. 63.5 (5.0); P = 0.39); black children with medical homes vs. no medical homes: 41.1 (6.2) vs. 52.6 (3.9); P = 0.16].
Having a medical home was associated with substantially and statistically significant less unmet health care needs in each racial/ethnic group (Table 4 ). Parents or guardians of black children compared with those of white children reported fewer unmet health care needs, regardless of their medical home status. No statistical difference was detected in the reports of unmet health care needs between Hispanic and white children.
For having a provider obtain a developmental history, adjusted rates were significantly higher in all 3 racial/ethnic groups for those with medical homes compared with those without (Table 4 ). For this measure, however, a significant disparity persisted between white and black children with and without medical homes [difference in risk differences (SE): whites vs. blacks 0.9 (4.3); P = 0.83]. For this quality measure, no statistically significant difference was noted between Hispanic and white children with or without medical homes.
In white children with asthma, PCMH was associated with significant reductions in the number of missed school days, but not among minority children with asthma who also had fewer missed school days than white children ( Table 4 ). The difference in risk differences between minority and white children was statistically significant [difference in risk differences (SE): Hispanic vs. white: À 3.9 (1.4); P = 0.005; black vs. white: À 3.0(1.1); P = 0.006].
In secondary analyses, we evaluated the associations of PCMH subcomponents with quality indicators ( Table 5 ). Receiving patient-centered/family-centered care was significantly associated with improvement in 5 of 6 process measures assessed. Notably, none of the 5 medical home subcomponents were negatively associated with receipt of mental health services as the medical home composite measure was in our primary analysis (Table 5 ). However, children who did not meet the threshold to assess care coordination but were classified as having a medical home in the NSCH composite measure were much less likely to receive needed mental health care (P < 0.001).
DISCUSSION
In a large, nationally representative survey, we found that having a PCMH was associated with significantly better *Non-Hispanic children reporting only 1 race category of Asian, American because of small sample sizes in many states; Non-Hispanic children who reported >1 race are categorized as "multi-racial." Given the small frequencies in both these categories, they are combined here as "multi/other," non-Hispanic. w "Family structure" refers to parents living in the household. Any of the 4 family structure categories may include other people who act as parents, such as grandparents, aunts, uncles, or unmarried partners of the parents. z Households identified as having 2 mothers of the same type (biological, step, foster, or adoptive) were classified as "other family structure." However, because of this ambiguity about whether the respondent was also counted as another parent in the household, these households may actually be "single mother" households. Other households with ambiguous structure (eg, where a father refused to indicate whether he was the biological father) were also coded as "other family structure."
CHIP indicates Children's Health Insurance Program; CSHCN, children with special health care needs; FPL, Federal Poverty Level; HRSA, Health Resources And Services Administration. performance for 6 of 10 measures of pediatric quality-of-care we assessed. Although improvements in preventive medical care and reductions in unmet medical needs were noted in a previous study of the National Survey of Children's Health, 11 we expanded on this research by evaluating 7 additional pediatric quality-of-care measures in relevant subpopulations and also analyzed whether the significant associations of medical homes with quality-of-care varied by race/ethnicity. Children with medical homes had better rates of achieving process measures involving active provider patient engagement, such as having a provider obtain a developmental history or recommending the HPV vaccine; compared with those quality measures that required limited provider patient communication, such as administering more routine adolescent vaccines (tetanus booster and meningococcal vaccine), for which no statistical difference was noted between children with and without medical homes. *Adjusted for sex, sex, race, categorical age (except in measures with narrow age ranges), insurance type, consistency of insurance over a 12-month period, income level, maternal education level, primary language, family structure, household employment, geographic region, and children with special health care needs.
w Adjusted for asthma severity, categorical age (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) , sex, race, insurance type, consistency of insurance over a 12-month period, income level, maternal education level, primary language, family structure, household employment, geographic region, and children with special health care needs. Excluded children who did not need a referral in the past 12 months to see any doctors or receive any services (83.5%).
Moreover, among children with asthma, medical homes were associated with fewer missed school days. This result was consistent with a previous study using a modified medical home measure. 32 However, among children with behavioral or developmental conditions, medical homes were associated with lower rates of obtaining necessary mental health treatment or counseling, particularly among white children. None of the 5 PCMH subcomponents were associated with lower rates of receiving needed mental health care. Rather, children not meeting the threshold to assess care coordination, who were included in the PCMH composite measure as having a medical home, appeared to drive the negative association between medical homes and receipt of mental health care seen in our primary analysis. Therefore, this negative association was an anomaly of the NSCH algorithm used to derive the measure (Appendix A, Supplemental Digital Content 1, http://links.lww.com/MLR/A355). However, our findings still suggest room for improvement in this area, as only 1 PCMH subcomponent, having a usual source of care, was associated with significantly higher adjusted rates of receiving needed mental health services. We found benefits in quality-of-care from PCMHs, but also areas for improvement, namely in coordination of mental health services. One in 5 children have a developmental or behavioral health problem, yet only about half of the children requiring treatment receive it. 33 Medical homes within primary care can incorporate mental health services to improve quality. 34, 35 Integrative models between mental health and primary care providers include shared medical records, shared decision making, and colocation. 36, 37 Expansion of these integrative models will require PCMH payment reform to address financial barriers to integration, such as behavioral health carve-outs that exclude primary care providers from billing for mental health services, and the lack of reimbursement for services by multiple providers for the same patient on the same day and for services provided by care coordinators or social workers. 38, 39 Our findings were mixed on whether PCMH is associated with improved equity in primary care. Medical homes significantly reduced the relative risk of unmet health needs by about 75% for children across all racial/ethnic groups. Parents and guardians of black children with and without medical homes reported fewer unmet health care needs compared with parents or guardians of white children, which is consistent with more favorable experiences with care reported by minority patients in some other consumer health surveys. 40, 41 Medical homes were associated with significantly fewer missed school days in children with asthma, but only for white children in the stratified analysis. PCMHs also did not alter the disparity gap between black and white children for receiving a developmental history from their provider.
Achieving equitable care is essential to attain consistently high-quality care as a cornerstone of high-performing health care systems. 42, 43 Existing medical home recognition programs do not require practices to collect race/ ethnicity data. The 2011 NCQA standards allow but do not require practices to stratify their performance data to assess potential racial/ethnic disparities. 44 The Institute of Medicine has recommended that health care providers collect race/ ethnicity data from patient self-reports based on locally relevant ethnicity categories that can also be combined in traditional race/ethnicity categories as defined by the federal Office of Management and Budget. 45 Practices implementing PCMH models should collect race/ethnicity data to determine how their quality improvement initiatives affect patients in all relevant racial and ethnic groups. 43, 46 Our study had several limitations. Given the crosssectional survey data, we were not able to establish causal effects of medical homes on quality-of-care. Questions requiring respondents to remember care over the last 12 months may have been subject to recall bias. Our quality-ofcare measures were based on self-reported data and not verified with medical records. However, prior studies have demonstrated the reliability of self-report data for similar measures. 10, 47, 48 Some subcomponents of our primary predictor and outcome variables appear to assess similar constructs, such as having a personal primary care provider and receiving preventive medical care, or reporting obtaining referrals without difficulty and unmet health care needs. However, Spearman correlation coefficients for these pairs of dependent and independent variables were low (range, 0.11-0.17), indicating weak relationships between these constructs. Our medical home measure lacked 3 well-established components of this model, specifically continuity, accessibility of care, and payment reform. Finally, our medical home measure assessed whether practices met the intended goals of the model exclusively from the patient and their family's perspective, in contrast with NCQA and other medical home recognition tools that measure medical homes exclusively from the practice and provider perspective. A combination of these complementary approaches would provide a more comprehensive measure of medical homes.
Our study underscores the important role that patientreported/family-reported information can play in understanding the impact of PCMH. Robust assessments of patients' perspectives are largely absent from many operational definitions and measurements of the medical home model. In existing medical home standards, practices and providers individually or collectively report their assessments of whether they meet the criteria for the subjective elements of the PCMH model. 7 Yet key components of the model, such as patient-centeredness, cultural effectiveness, and shared decision making require the patient's/family's perspective and input. A focus on assessing patients'/families' experiences is a key element to achieve high-quality primary care. 49 NCQA in collaboration with the Consumer Assessment Healthcare Providers and Systems consortium has introduced an optional patient experience survey and incentive mechanism to promote the collection of this information. 44 The PCMH standards of the Joint Commission also require practices to collect data on patients' experience with care to achieve recognition. To date, none of these accrediting agencies utilize the patient experience data collected to evaluate practices' adherence to PCMH standards or their effects on the equity of care. 50 Our study suggests that patients' perspectives should be a required element in the operational definition and assessment of PCMHs. 46 Medical homes can only reliably be patient-centered if robust methods are used to incorporate patients' experiences in the evaluation of practices implementing this model.
Our study demonstrates the benefits of the PCMH on a broad range of pediatric quality-of-care measures while highlighting areas for improvement in narrowing disparities in care and coordination of mental health services. Moving forward, the implementation and evaluation of PCMHs should include: (1) patient/family experience measures; (2) quality improvement measures by race/ethnicity; and (3) efforts to integrate behavioral health and primary care services.
